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1
SLOPE DETECTOR

BACKGROUND OF THE INVENTION

This invention relates to electronic slope detectors
and in particular to a device which determines if a time
varying electrical signal has a slope which equals or
exceeds a predetermined value in a predetermined time.

The slope detector has wide application in a variety
of fields where it is desirable to determine if the slope of
an electrical signal is equal to or greater than a predeter-
mined magnitude for a predetermined time. The signal
itself is the product of the measurement or sensing of a
physical phenomenon and the slope of the signal con-
tains useful information which can be extracted for
further processing.

The slope detector has particular application in the

medical arts where 1t is sometimes necessary to deter-
mine the clotting time of plasma. Others have discov-
ered that as a sample of plasma clots its ability to trans-
mit light decreases. By sensing the rate of change of
light transmission and by ascertaining the time at which
this rate of change equals or exceeds a predetermined
value for a predetermined time, the clotting time of the
plasma can be reliably determined.

There is a variety of known slope detectors, however
many of them employ a differentiating capacitor, the
use ¢f which iniroduces unwanted errors.

Accordingly, it is an object of this invention to pro-
vide a device which determines if the slope of a time
varving electrical signal equals or exceeds a predeter-
mined value in a predetermined time. It is a further
object of this invention to provide a device which de-
rives relevant information about the slope of a time
varying electrical signal without the use of a differenti-
ating capacitor. These and other objects are achieved as
follows.

SUMMARY OF THE INVENTION

An input signal is applied to a conventional buffer
amplifier. The buffered input signal is applied to a con-
ventional tracking analog to digital converter which
tracks the input signal and produces an output signal
that is nearly equal to the input signal. A first differen-
tial amplifier of conventional construction produces a
coarsely zeroed signal that is equal to the difference
between the input signal and the output of the con-
verter. At this point coarse zeroing of the input signal
has been accomplished and the converter is switched
into a hold mode. This output signal 1s simultaneously
applied to a sample and hold circuit and a second differ-
ential amplifier both of which are of conventional con-
struction. The sample and hold circuit samples the sig-
nal and produces a matching signal. The second differ-
ential amplifier thereafter produces a finely zeroed sig-
nal at the zero level. At this point cancellation of the
input signal has been accomplished and the sample and
hold circuit 1s switched into a hold mode and a window
time of predetermined duration is begun.

The output of the second differential amplifier is
applied to one input of a comparator. After the input
signal has been cancelled, any change in the input signal
will cause the output of the second differential amplifier
to deviate from zero. If the output of the second difter-
ential amplifier equals or exceeds a reference voltage
applied to the other input of the comparator within a
predetermined window time, the output of the compar-

5

2

ator changes from one level to another and is clocked
into a count logic circuit.

After the window time, the input signal is cancelled
again and the foregoing process repeated. If the com-
parator changes levels during three successive window
times, the count logic circuit produces an output signal
which indicates that the slope of the input signal has
equaled or exceeded a predetermined value in a prede-
termined time. If the comparator changes levels during

0 one or more but less than three successive window
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times, the count logic circuit i1s arranged to automati-
cally reset to a zero count state.

All timing signals are provided by a timing generator
of conventional construction. The slope detector is
initialized by means of an enable gating circuit of con-
ventional construction.

The detection level of the slope detector is princi-
pally determined by the overall gain, G, of the system
up to the input of the comparator, the value of the
reference voltage, VR, and the duration of the window
time, TW. Within the constraints of the conventional
circuit elements, these three factors may be manipulated
to produce a desired detection level. For example, to
determine if an input signal has a slope, S, which equals
or exceeds minus one millivolt per second, the gain, G,
is made equal to 250, the reference voltage, VR, 1s set at
- 100 mv and the window time 1s set at 400 ms.

Other objects, advantages and novel features of the
invention will become apparent from the f{ollowing
detailed description of the invention when considered in
conjunction with the accompanying drawings.

Although this invention is described with respect to a
preferred embodiment, many variations and modifica-
tions may be obvious to those skilled in the art. There-
fore, the scope of the invention is not limited by the
specific disclosure herein but by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a slope detector con-
structed according to the invention;

FIG. 2 is a block diagram of a timing generator which
forms a part of the slope detector shown 1 FIG. §;

FIG. 3 is a timing diagram illustrating the clock sig-
nals produced by the timing generator and their tem-
poral relationship;

FI1G. 4a is a combined timing and waveform diagram
which illustrates the temporal relationships between the
clock signals and certain signals which are generated
within the slope detector;

FIG. 4b is a waveform diagram of a typical input
signal;

FIG. 5 is a block diagram of a tracking analog to
digital converter which forms a part of the slope detec-
tor shown in FIG. 1;

FIG. 6 is a block diagram of a count logic circuit and
an enable gating circuit both of which form a part of the
slope detector shown in FIG. 1;

FIG. 7 is a block diagram of an alternate embodiment
of the count logic circuit; and

FIGS. 8a, 8b, and 8¢ form a schematic diagram of the
slope detector constructed according to the invention
and which is shown in block diagram form in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the slope detector 10 operates as
follows. A step function enable signal is applied to the
count logic circuit A2 to initialize the system 18 by
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resetting the count logic circuit A2 to zero to thereby
produce a low output signal S8. The input signal S1, the
slope of which is to be detected, is applied to an input
terminal A and is thereafter applied to a lowpass filter
11 composed of R1 and C1. The lowpass filter 11 re-

moves any spikes or high frequency noise from the
input signal S1. The filtered input signal S1 is next ap-
plied to the input of a buffer Ul, an operational ampli-
fier operating as a unity gain voltage follower. The

buffer U1 has a very high input impedance to minimize
loading of the lowpass filter 11 and the input signal S1.
The output signal S1 of the buffer U1 is simultaneously
applied to the positive input of a differential amplifier
U2 and to the input of a tracking analog to digital
(A/D) converter A1l. When the A/D converter Al
receives a gated burst clock signal TA from a timing
generator AJ, the A/D converter Al rapidly generates
an output signal S2 that follows the input signal S1. The
output signal S2 of the A/D converter A1 is applied to
the negative input of the differential amplifier U2 which
subtracts the two signals S1 and S2 and produces a
signal S4 nearly equal to zero at the output of differen-
tial amplifier U2, the output signal S4 of the differential
amplifier U2 is not quite zero. To achieve a zero magni-
tude signal, the output signal S4 of the differential am-
plifier U2 is simultaneously applied to the positive input
of a second differential amplifier U3 and to a sample and
hold circuit U4, the output signal S5 of which is applied
to the negative input of differential amplifier U3.

After the tracking A/D converter Al has acquired
the input signal SI within a predetermined time, the
timing generator A3 effectively switches the A/D con-
verter Al to a hold mode and then switches the sample
and hold circuit U4 into a sample mode. When the
sample and hold circuit U4 is in the sample mode it
produces an output signal S5 which has a value equal to
signal S4. Signal S5 is applied to the negative input of
the second differential amplifier U3. The output of the
differential amplifier U3 is a zero magnitude signal S6.
With zeroing or cancellation of the input signal accom-
plished, the timing generator A3 effectively switches
the sample and hold circuit U4 into a hold mode and the
system 10 1s then ready to detect any changes in the
slope of the input signal Si.

The output signal S6 of the differential amplifier U3 is

applied to the positive input of a comparator U5 which
compares signal S6 to a reference voltage VR which is
applied to the negative input of the comparator U5. The
comparator US is an operational amplifier which is
arranged to produce an output signal S7 which changes
from a positive value to a negative value whenever its
input signal S6 becomes more negative than the refer-
ence voltage VR. If the input signal S1 produces a slope
that equals or exceeds a predetermined value in the
negative direction, signal S6 will drop below the refer-
ence voltage VR causing the output signal S7 of the
comparator US to go negative. The negative signal S7 is
thereafter clamped at the zero level by diode D1 and
then clocked into a count logic circuit A2 at the next
clock signal TC applied to the count logic circuit A2. If
the signal S6 equals or exceeds the reference voltage
VR during three successive window times TW of pre-
determined duration, the count logic circuit A2 will
produce a high level output signal S8. If the desired
slope 1s not detected during three successive window
times TW, the output signal S7 of the comparator U5
will revert to a positive value which event causes the
count logic circuit A2 to automatically reset to zero.

10
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4

The detection level of the slope detector 10 is princi-

‘pally determined by the overall gain, G, of the system

up to the input of the comparator U5, the value of the
reference voltage VR, and the duration of the window
time TW.

In the particular implementation shown herein the
overall gain, G, is set at 250, the reference voltage VR
is set at — 100 mv, and the window time TW is set at 400

ms. Hence the slope detector 18 of this invention will
correctly indicate an input signal having a slope equal to
or greater than —1 mv per second for at least 1.5 sec-
onds. (The period of 1.5 seconds includes three zeroing
times TZ, the meaning of which is explained below.)
The detection level may be varied by varying the
gain G, the reference voltage VR and the window time

TW. In all cases the minimum detected slope S is deter-
mined as follows:

S=(VRY/(GX TW).
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All timing signals for the slope detector 10 are pro-
duced by a timing generator A3. A block diagram of the
timing generator A3 is shown in FIG. 2. The 20 KHz
and 20 Hz outputs from a standard clock U11 are em-
ployed. The 20 Hz output is applied to a conventional
divider U12 where it is effectively divided by ten to
produce a 2 Hz output at the carry-out (CO) terminal of
the divider U12. The 2 Hz output is applied to an in-
verter U13A and thereafter applied to a NAND gate
U14C as well as to a delay unit U13B. The output of the
inverter UI3A and the delay unit U213B is a series of
pulses having a duration of 50 ms and a repetition rate of
two pulses per second. The output TS of the delay unit
U13B 1s delayed 50 ms with respect to the output TC of
the inverter U13A and is fed to the sample and hold
circuit U4. The output TC of the inverter U13A is fed
to the count logic circuit A2. The output TA of the
NAND gate UR4C is a gated burst of 20 KHz pulses
having a duration of 50 ms; the output TA is fed to the
A/D converter Al.

A timing diagram which illustrates the three outputs
TA, TS, TC of the timing generator A3 and their tem-
poral relationship to each other is shown in FIG. 3. In
the particular implementation shown herein, the gated
burst track command signal TA and the sample and
hold enable signal TS follow each other and each is 50
ms in duration. Together these two clock signals, TS
and TA, form a zeroing time TZ of 100 ms duration.
During the first 50 ms portion of the zeroing time TZ
the A/D converter A1 matches the input signal to
within plus or minus one bit. During the latter 50 ms
portion of the zeroing time TZ the sample and hold
circuit U4 cancels the input signal S1. After the zeroing
time TZ is completed, that is, after the clock outputs TC
and TS are both low, a window time TW of 400 ms
duration immediately follows. During the window time
TW, the outputs of the A/D converter A1 and the
sample and hold circuit U4 are each held at their last
respective acquired values. Hence, during the window
time TW the system 10 is able to effectively track the
slope of the input signal S1.

F1G. 4a 1s a combined timing and waveform diagram
which illustrates the temporal relationships between the
clock signals TA and TS and certain critical signals
which are produced within the slope detector 10. FIG.
4b illustrates a typical input signal S1 waveform. In the
context of the foregoing discussion, the slope detector
10 would produce a low output, signal S8, before time
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S

t1 and after time t2 since the slope of the input signal
does not equal or exceed — 1 mv/sec as it does between
times t1 and t2. - |

The tracking A/D converter Al, is shown in more
detail in FIG. 5. The analog input signal S1 which is to
be closely approximated by the A/D converter Al is
applied to the positive input of a comparator U10. The
timing generator A3 produces the gated burst clock
signal TA which is applied to the clock input of a ten bit
binary up/down counter 13 comprised of three conven-
tional stages U15, U16, and U17. The counter 13 gener-
ates a ten-bit word the value of which depends upon the

6

zero output state when the Q output of flip flop U1SA
is high. Once flip flop U18A is no longer held in the set

~ state, the count logic circuit A2 is enabled.

10

‘number 20 KHz clock pulses it is permitted to count

during the 50 ms duration of signal TA. The 10-bit word
is applied to the input of a ten-bit digital to analog
(D/A) converter U8 which may be any suitable one of
many well known devices now available. The D/A

‘converter U8, in combination with its output opera-

tional amplifier U9, generates an analog signal S2 at the
output of the amplifier U9. The value of this signal S2
corresponds to the value of the digital count word pro-
duced by the counter 13. The analog output signal S2 is
also applied to the negative input of a comparator U10.
Once the gated burst clock signal TA has been applied
to the counter 13, it will produce a digital word that
increases in value in 20 KHz clock increments and the
D/A converter U8 produces an analog signal S2 that
increases in value until its magnitude is equal to that of
the input signal S1. On the next 20 KHz clock count the

analog signal S2 forces the comparator U10 to switch

the polarity of its output signal S9 from a positive value
to a negative value. A negative signal S9 reverses the
counter 13 and causes it to count down until the analog
signal S2 is once again less than the input signal S1.
From this time the value of the analog signal S2 will
vary between plus or minus one bit of the input signal
S1. If the input signal S1 should vary, the analog signal
- S2 will follow it to within =1 bit until the termination
of the gated burst clock signal TA. At that time the
analog signal S2 will remain at its last value until the
next gated burst clock signal TA i1s applied to the
counter 13. Since the analog signal S2 is always within
=1 bit of the input signal S1 when signal TA termi-
nates, the analog signal S2 should be within one part in
one thousand of the last value of the input signal S1.
This will be the case as long as the input signal S1
changes at a rate that 1s slow compared to the update
(clock) rate of the tracking A/D converter Al.

The count logic circuit A2 and enable gating circuit
A4 are shown in more detail in FIG. 6. A positive en-
able signal is applied to the input of inverter chain
~U20A and U20B which in turn supplies a positive signal
to an input of NAND gate U14B as well as to both
inputs of NAND gate U14A. The low output of gate
U14A releases the set signal on D-Type flip-flop U19B
which is initially in the set position with a positive signal
on its Q output. Flip flop U19B remains in the set state
when its set input goes low, however, it is no longer
held there but is conditioned for a change of state. The
Q output of flip flop U19B is applied to the other input
of gate U14B which now has, since the onset of the
enable signal, two positive inputs and it thereby pro-
duces a low output which is applied to the set input of
D-Type flip-flop U18A. A low on the set input of flip
flop U18A releases the set signal which had been hold-
ing flip flop U18A in the set state. The Q output of flip
flop U18A is applied to each reset line of both D-Type
flip-flops U18B and U19A which are each held in the
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The input signal S7 to the count logic circuit A2
comes from the comparator US. (See FIG. 1). When the
condition is met that a negative ramp on the positive
input of comparator US is more negative with respect to

‘the reference voltage, VR, on the negative input of

comparator US, the output signal S7 of the comparator
US will switch from a positive to a negative value.
However, diode D1 clamps signal S7 at the zero level.
This clamped signal S7 is applied to the D input of flip
flop U18A which, when clocked on the next clock input
TC, will transfer the zero at its D input to its Q output.
This low or zero Q output of flip flop U18A 1s applied
to the resets of both flip flops U18B and U19A which
are then no longer held in the zero state. The next clock
pulse TC into flip flop U18B will transfer the fixed 15
volt high or one on its D input to its Q output. At the
same clock time, the zero that was present at the Q
output of flip flop U18B and the D input of flip flop
U19A is transferred to the Q output of U19A thus main-
taining a low or zero at the Q output of flip flop U19A.
The third clock pulse TC to clock flip flops U18A,
U18B and U19A will transfer the one on the D input of
U19A to its Q output which, being connected to the
input of buffer U21 will produce a positive level signal
S8 at the output of U21. Thus if a zero level signal S7 on
the D input of U18A is present for three consecutive
clock pulses TC the output of U21 will go positive
producing a high output signal S8 at terminal B. If the
D input of flip flop U18A should go positive after one
or consecutive clock pulses TC, the Q output of U1SA

will go positive and reset flip flops U18B and U19A

before a positive output at buffer U21 is achieved.
~ In this version of the count logic circuit A2 it should

‘be noted that, as soon as the Q output of flip flop U19A

goes high, flip flop U19B is reset to the zero state. With
flip flop U19B in the zero state, the output of NAND
gate U19B goes high which in turn sets flip flop U18A
to the one state. This in turn resets both flips U18B and
U19A to the zero state causing the output signal S8 to
go low as well as releasing flip flop U19B from the reset
state although it still produces a low Q output.

Hence on the third clock pulse TC, the output signal
S8 will not be a sustained high level signal but a high
level signal of short duration. In other words, this ver-
sion of the count logic circuit A2 does not have mem-
ory.

As long as flip flop U19B produces a low Q output,
NAND gate U14B will supply a high level signal to flip
flop U18A to keep it in the one state regardless of subse-
quent clock signals TC or input signals S7 supplied to
flip flop U18A. The count logic circuit can be initialized
by lowering the high level enable signal which places
flip flop U19B into the one state. In the absence of a
positive enable signal, the inverter chain 20A, 20B and
NAND gate 14A puts flip flop U19B in the set state.

An alternate embodiment of the count logic circuit
A2 is shown in more detail in FIG. 7. An enable signal
(a positive step function) is applied to the input of in-
verter chain U20A and U20B which in turn supply a
positive signal to a third inverter connected gate U14A.
The low output of inverter U14A is applied to the set
input of flip flop U19B which is then no longer held in
the set condition allowing flip flop U19B to be reset if it
receives a reset signal. The Q output of U19B remains
high and provides a high to one input of NAND gate
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7
U14B. The positive signal at the input-of U14A is also
applied to the other input of gate U14B forcing the
output of Ui4B to go low and releasing the set condi-
tion from D-type flip flop UI8A. The count logic cir-
cuit A2 is now armed and enabled to properly sense the

input signal S7.

- As before, the input signal S7 applied to the count
logic circuit. A2 i1s provided from the output of the

comparator US. (See FIG. 1). The clamped input signal
S7 1s applied to the D input of flip flop U18A which, on
the next clock pulse TC, will transfer the zero on its D
input to its Q output releasing the reset signal of both
flip flops U18B and U19A. Since these two flip flops are
no longer held in the reset or zero state the next clock
pulse TC will cause the fixed 15 volt high or one on the
D input of U18B to be transferred to its Q output as well
as to the D input of flip flop U19A. A third clock pulse
TC will cause the high on the D input of U19A to be
transferred to its Q output. A high Q output from flip
flop U19A resets flip flop U19B to the zero state. In the
zero state flip flop U19A produces a high at its Q output
which is applied to buffer U21 which in turn produces
the desired high output signal S8. At the same time, the
Q output of U19B goes low which causes the output of
U14B to go high setting the output of flip flop U18A to
a high and thereby reseting flip flops U18B and U19A to
the zero state. The count logic circuit A2 will remain in
this state, i.e. it has memory and the output signal S8
will remain high until the enable signal on the input of
- U20A 1s returned to a low state. When the enable signal
goes low a low is produced on the input of U14A forc-
ing its output to go high to thereby preset flip flop U19B
to the one state to thereby return the output signal to a
low level.

If signal S7 should return to a positive level before
the third consecutive clock pulse TC has occurred, the
Q output of U18A will go high and both flip flops U18B
and U19A will be reset to the zero state. Under these
‘conditions, output signal S8 will remain low and the
count of three must be restarted. Hence, a high level
output signal S8 will only be produced if the input sig-
nal S7 1s low for three consecutive clock pulses TC.

In both versions of the count logic circuit A2 the
three switches SW1, SW2 and SW3 are used for testing
purposes.

FIGS. 8q, 80 and 8c form a schematic diagram of the
slope detector 10. The diagram is self explanatory. All
of the circuit elements employed in the slope detector

10 are of conventional construction.
I claim:
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1. Apparatus, to determine if the slope of an input |
signal equals or exceeds a predetermined value in a
predetermined time, comprising;:

- first means, responsive to said input signal, for gener-

- ating a first signal which is substantially equal to

the input signal;

second means, responsive to the first signal and the

input signal for producing a second signal which is

equal to the difference between the input signal and
the first signal; |

third means, responsive to the second signal, for gen-
erating a third signal which matches the second

~ signal; |

fourth means, responsive to the second signal and the
third signal, for producing a fourth signal which is
equal to the difference between the second signal
and the third signal; -

fifth means, responsive to the fourth signal, for pro-
ducing a fifth signal whenever the fourth signal
equals or exceeds a predetermined value; and

sixth means, responsive to the fifth signal, for produc-

ing an output signal whenever the fifth signal is
present for a predetermined time.

2. Apparatus, to determine if the slope of an input
signal equals or exceeds a predetermined value in a
predetermined time, comprising:

- an analog to digital converter, responsive to the input
signal, which produces an output nearly equal to
the input signal, during a first time period;

a first differential amplifier which produces a
coarsely zeroed signal equal to the difference be-
tween the input signal and the output of the analog
to digital converter;

a sample and hold circuit for producing an output
which matches the output of the first differential
amplifier, during a second time period;

-a second differential amplifier for producing a finely
zeroed output equal to the difference between the
output of the first differential amplifier and the
output of the sample and hold circuit;

a comparator, responsive to the output of the second
differential amplifier and a reference voltage, for
producing an output whenever the output of the
second differential amplifier equals or exceeds the
reference voltage; and

a counter for recording the presence of the compara-
tor output during a third time period and for pro-
ducing an output signal whenever the comparator
output i1s present during three consecutive third
time periods.

3. Apparatus according to claim 2 further including a
timing generator for controlling said analog to digital

converter, said sample and hold circuit and said

counter.
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